Aim: To develop intervention strategies that promote screening for cognitive impairment, it is essential to identify the modifiable predictors for participation in screening. The present study aimed to examine whether a shorter distance to the screening site predicted participation in screening for cognitive impairment, and whether interactive effects of the distance and psychological factors on the participation would be observed among community-dwelling older adults.
Introduction
The prevention of dementia is a major public health issue. Brookmeyer et al. estimated that the prevalence of dementia is increasing, and that 106.2 million older adults in the world will have Alzheimer's disease by 2050. 1 Complete recovery from dementia is not possible at the moment. However, according to recent studies, if older adults detect cognitive impairment in its earlier stage (i.e. mild cognitive impairment) before developing dementia, they could prevent further cognitive decline by participating in interventions, such as cognitive training and exercises. Although long-term impacts on dementia or Alzheimer's disease development remain unknown, a systematic review of cognitive training 2 and a meta-analysis of exercise 3 have shown that these activities are effective to prevent further declines among older adults with cognitive impairments. Current instruments for screening cognitive impairment are reliable and well validated. 4 For example, the Mini-Mental State Examination (MMSE) test has sensitivity of 81.3-92.9% and specificity of 81.8-89.7% for screening dementia. 4 Furthermore, taking screening provides a good opportunity to encourage these health behaviors. 5 Thus, promoting participation in screening for cognitive impairment and detecting cognitive impairment in its earlier stage is important for preventing or delaying dementia. However, effective strategies for promoting screening for cognitive impairment in a community setting have not been developed.
In order to develop effective promotion strategies, it is essential to identify the modifiable predictors of participation in screening. In the area of cancer screenings, various determinants of screening behaviors have been identified. [6] [7] [8] [9] [10] [11] [12] Based on identified determinants, previous intervention studies 13, 14 have also succeeded in promoting cancer-screening behavior. Regarding screening behavior for cognitive impairments, some previous studies have examined psychological correlates of screening behavior for cognitive impairments. [15] [16] [17] [18] However, except for Harada et al., 18 these findings were obtained only from crosssectional examinations. [15] [16] [17] According to the research trends of other health behaviors, environmental factors could also influence participation in screening for cognitive impairment, and the influence of environmental factors would interact with psychological factors. Environmental influences represent an emerging area of health behavior research, because environmental factors can have long-term effects on larger populations compared with psychological factors. 19 Previous review articles support that environmental factors are associated with various health behaviors, such as physical activity, 20 healthy eating 21 and smoking behaviors. 22 In cancer screening studies, a shorter distance to the screening site has been commonly reported as an environmental correlate of screening behavior. 7, [10] [11] [12] Thus, similar to cancer screening, screening for cognitive impairment is also predicted to be affected by access to a screening site. Furthermore, the ecological model of health behavior 19 assumes that environmental and psychological factors interactively influence behavior. Recent physical activity studies have shown that environmental influences on behavior would differ according to people's psychological status. 23, 24 For example, Van Dyck et al. suggested that environment-to-physical activity relationships would be especially stronger among those with lower motivation. 23 However, in the area of screening behaviors, no previous studies have examined the interactive effects of environmental and psychological factors on behavior.
The present study aimed to examine whether a shorter distance to the screening site predicted participation in screening for cognitive impairment, and whether interactive effects of the distance and psychological factors on the participation would be observed among communitydwelling older adults.
Methods

Participants and procedures
The present study used a prospective design. A baseline questionnaire survey was carried out first, and participation in screening for cognitive impairment was then followed for 6 months.
We used subcohort data from the National Center for Geriatrics and Gerontology-Study of Geriatric Syndromes (NCGG-SGS), carried out in 2013 in Midori Ward of Nagoya, Aichi, Japan. 25 In the Midori subcohort of NCGG-SGS, the questionnaire survey targeted all people (n = 24 508) who were aged ≥70 years on 1 January 2013, living in Midori-Ward and without long-term care needs or support. The questionnaires were distributed through postal mail in June 2013.
After the questionnaire survey, screening for cognitive impairments was carried out from July to December 2013. Three public facilities were utilized as screening sites. Of the three facilities, two were located in Midori Ward and one was distantly located outside of Midori Ward (although we initially intended to use all facilities in Midori Ward, but the capacities of the facilities were limited and we decided to use one facility distantly outside Midori Ward). An invitation to screening was mailed to all of the people. When mailing, the screening was named as the "Nou to Karada no Kenko Chekku 2013" (translated as "health check-up for brain and body 2013"). Of the three sites, one site was preliminarily selected for each person by their residential area, and they were invited to participate in screening at the selected site. If they accepted the invitation, they were asked to return all possible dates of attendance from approximately 3-5 days. After coordinating the return of possible dates from individuals and the capacity of each site, they were informed of their specific date to participate in the screening by mail.
Of the targeted people, 16 276 individuals (66%) answered the questionnaire. Of these people, 6660 respondents were excluded because their informed consent was not confirmed (n = 202), they did not correctly receive the screening invitation document (n = 571), they had participated in staff activity in our research project (n = 8), their invited screening site was distantly located outside of Midori Ward (n = 2947), their basic activities of daily living had declined or the items of basic activities of daily living were missing (n = 920) and they had missing data in the present study (n = 2012). Thus, the present study analyzed the data of the remaining 9616 respondents.
Informed consent was obtained from all participants. The ethics committee of the National Center for Geriatrics and Gerontology approved the study protocol. All procedures were carried out in accordance with the Helsinki Declaration.
Measures
Participation in the screening for cognitive impairments Participation in the screening for cognitive impairments was evaluated by whether they participated in the "Nou to Karada no Kenko Chekku 2013." The registry of it was used to identify the participants. The respondents were categorized into those who participated in it and those who did not.
There were no significant differences in road distance from each residential address to the nearest bus stop/train station between the participants (mean 288.5 m, SD 141.1 m) and non-participants (mean 288.4 m, standard deviation, 140.7 m). Thus, the present study regarded public transportation system availability to be the same among them.
Distance to the screening site
Distance to the screening site was measured by road distance from each residential address to the invited screening sites. The road distances were calculated using ArcGIS for Desktop 10.2.2 Network Analyst software (ESRI Japan Corporation, Tokyo, Japan). The road data were obtained from the "Kokudo Kihon Joho Suchi Chizu" (translated as the "national basic map"; Geospatial Information Authority of Japan, Ministry of Land, Infrastructure, Transport and Tourism). The shortest distance was 84.08 m and the longest was 7313.09 m. A histogram of the distance showed a bimodal distribution and some outliers. The Kolmogorov-Smirnov test did not support a normal distribution (P < 0.001). Thus, for the convenience of the analyses and understandability of the results, the respondents were categorized into four groups by distance: <1 km, 1-1.99 km, 2-2.99 km and ≥3 km.
Psychological factors
According to our previous examination, behavioral intention was a psychological predictor of participating in screening for cognitive impairment, and behavioral intention was mainly explained by perceived behavioral benefits. 18 Thus, the data of behavioral intention and perceived benefits were utilized in the present study.
To measure the behavioral intention to participate in screening, a single item was used. 18 The participants were asked whether they intended to be screened for cognitive impairment using a four-point Likert scale: 1 (strongly disagree), 2 (somewhat disagree), 3 (somewhat agree) and 4 (strongly agree). Then, the respondents were dichotomized into either a higher behavioral intention group (strongly agree/somewhat agree) or lower behavioral intention group (somewhat disagree/strongly disagree).
Three items were used to measure the perceived benefits of being screened: "If I am screened for cognitive impairment, my family will feel relief," "If I am screened for cognitive impairment, my future prospects will become clear" and "If I am screened for cognitive impairment, my anxiety will be removed." 18 Respondents answered each item on a four-point Likert scale, which was the same as for behavioral intention. The scores of the three items were summed (Cronbach's alpha = 0.82 18 ). Then, respondents were categorized into either a high or low perceived benefits group based on a median split of the summed score.
Demographic factors
The data of sex (men or women), age, years of education (≤9, 10-12 or ≥13), decline of instrumental activities of daily living, engagement in paid work (yes or no), living alone (yes or no), driving a car (yes, no) and previous experience of participating in screening for cognitive impairment (yes or no) were analyzed as demographic factors. A 13-item scale (National Center for Geriatrics and GerontologyActivities of Daily Living Scale 26 ) was utilized to measure decline of instrumental activities of daily living, and those who answered at least one item as "no" were regarded as having a decline in instrumental activities of daily living.
Cognitive function among participants of the screening
For the participants of the screening, the MMSE 27 and the National Center for Geriatrics and GerontologyFunctional Assessment Tool (NCGG-FAT) 28 was utilized to assess cognitive function. The NCGG-FAT is a multidimensional neurocognitive functional assessment tool using a tablet personal computer. Following the definition of Shimada et al., participants' status of mild cognitive impairment (MMSE score of 24-30, objective cognitive impairment in the NCGG-FAT) and global cognitive impairment (MMSE score of 21-23) were evaluated. 29 
Statistical analysis
The associations between participation in screening for cognitive impairment and demographic and psychological factors were examined using χ 2 -tests. Among participants of the screening, the associations of distance to the screening site with MMSE scores, and the prevalence of mild and global cognitive impairment were examined by an analysis of variance and χ 2 -tests. Then, using binary logistic regression analyses, the odds ratios were calculated to investigate whether the distance to the screening site predicted participation in the screening. In the logistic regression analyses, demographic factors, psychological factors, distance to screening site and the interaction terms of psychological factors with distance to screening site were included as independent variables. For the subanalyses, to examine whether the relationships between driving to the screening site and participation in screening differed by the respondents' psychological status, additional logistic regression analyses were also carried out stratified by behavioral intentions (lower or higher group) or perceived benefits (lower or higher group). Statistical significance was set at P < 0.05. All statistical analyses were carried out using SPSS (version 21.0; IBM Japan, Ltd., Tokyo, Japan). Table 1 represents the characteristics of the respondents: 49.7% were men (mean age 76.0 years, SD 4.6 years), and 50.3% were women (mean age 76.1 years, SD 4.7 years). The χ 2 -tests showed that younger age group, more years of education, independent for instrumental activities of daily living, had experience of screening, driving a car, higher behavioral intention and higher perceived benefits were significantly associated with participation in screening for cognitive impairments.
Results
Characteristics of the respondents
Distance to the screening site and participation in screening for cognitive impairment Among all of the respondents, 33.4% participated in the screening. The participation rate by distance to screening site was shown in Figure 1 .
Among participants of the screening, the average MMSE score was 26.1. Furthermore, 14.1% of the participants met the criteria for mild cognitive impairment, and 13.8% of them met the criteria for global cognitive impairment. The participants of the four distance groups did not show any significant differences in their MMSE scores (F = 0.95, P = 0.414). Similarly, these four groups did not show significant differences in the incidence of mild cognitive impairment (χ 2 = 5.06, P = 0.167) or global cognitive impairment (χ 2 = 2.26, P = 0.521). Table 2 shows the result of a logistic regression analysis. Compared with the <1 km group, the 2-2.99 km (adjusted odds ratio 0.62, P = 0.040) and ≥3 km (adjusted odds ratio 0.54, P = 0.015) groups did not participate in the screening after adjusting for psychological and demographic factors. As well as the distance, higher behavioral intention (adjusted odds ratio 3.17, P < 0.001) also predicted participation in the screening. The interaction terms of behavioral intention and distance, and perceived benefits and distance were not significant. Table 3 shows additional analyses stratified by behavioral intentions (high or low) and perceived benefits of taking part in screening (high or low). Consistent with the results for the interaction terms in Table 2 , the distance to screening site predicted participation in the screening in all subgroups, although the significant categories were not completely the same across the subgroups.
Discussions
As far as we know, this is the first study to examine the interactive effects of environmental and psychological factors on participation in screening for cognitive impairment among community-dwelling older adults. For the prevention or delay of dementia, it is important to promote participation in screening for cognitive impairment. To develop effective intervention strategies that promote taking part in screening for cognitive impairments, it is essential to identify both psychological and environmental determinants of participation in screening. However, although some previous studies have investigated psychological correlates of taking part in screening for cognitive impairments, no studies have examined environmental influences on participation in screening. [15] [16] [17] [18] The present study found that a shorter distance to the screening site predicted participation in screening for cognitive impairments among community-dwelling older adults. This finding shows that improving access to screening sites would be effective for promoting screening for cognitive impairments. A potential explanation for this finding is that while those with a shorter distance could participate in the screening more easily, those with a Figure 1 Participation rate of screening for cognitive impairment by distance to screening site; χ 2 = 17.7, P = 0.001. longer distance would need to devote more of their time and energy to arrive at the screening site. The ecological model of health behavior proposes that environmental factors influence health behaviors. 19 In accordance with the ecological model of health behavior, cancer screening studies have shown that good access to screening sites is associated with cancer screening behaviors. 7, [10] [11] [12] Supporting the ecological model of health behavior 19 and cancer screening studies, 7,10-12 the present study shows that taking part in screening for cognitive impairments is also influenced by environmental factors.
The present study also showed the relationships between distance to screening site and participation in the screening after the adjustment of psychological factors. Furthermore, the interactions of psychological factors and distance to site on the participation were not significant, and the relationships between the distance and participation were observed regardless of the older adults' psychological status. These results show that distance to screening site influences the participation in the screening independently from psychological factors. For other health behaviors, previous studies have examined the influence of environmental factors on health behaviors after adjusting for psychological factors. [30] [31] [32] However, in the area of screening behavior, previous studies examining environmental influences have not adjusted for psychological factors. 7, [10] [11] [12] Furthermore, in accordance with the assumption of the ecological model, 19 recent studies have also shown that physical activities are influenced by the interactions of environmental and psychological factors. 23, 24 Unlike previous physical activity studies, the present study did not show the interactions of environmental and psychological factors on screening behavior. This might be partly explained by the differences of behavioral characteristics between physical activities and screening behavior: screening behavior would be more dependent on the environment than physical activity. Because physical activities do not necessarily require environmental resources, people (e.g. highly motivated people) can engage in physical activities even when the environment is not supportive. In contrast, in order to participate in screening, environmental arrangement is essential for all people, including those with higher motivation (if there are no accessible screening sites, taking part in screening is impossible). However, because of the lack of previous studies, further examination is warranted to confirm the interactive effects of psychological and environmental factors on screening behavior.
In the present study, behavioral intention to participate in screening more strongly impacted screening behavior than distance to screening site and perceived benefits. Behavioral theories (e.g. Theory of Planned Behavior 33 and Health Action Process approach model 34 ) considered behavioral intention the major predictor of behavior. Cancer studies have also shown that intentions exclusively and directly predict cancer screening participation. 9 Thus the present study result about remarkable influences of behavioral intention would be consistent with behavioral theories 33, 34 and cancer studies. 9 Furthermore, a previous study showed that behavioral intention is explained by perceived barriers to screening and perceived susceptibility to dementia, as well as perceived benefits. 18 According to Harada et al., providing information corresponding to these factors (e.g. emphasizing various screening benefits, reducing irrational beliefs about the screening and showing dementia prevalence by age) might be effective to stimulate behavioral intentions. 18 The strengths of the present study are that it had an adequate sample size and a prospective study design. However, the study had some limitations. First, response bias could exist in our examination, although the response rate of the questionnaire survey was not low (66%). Second, we analyzed data from one community, which is from an urban and suburban area in Japan. A previous cancer screening study found that the relationship between distance to screening site and screening behavior varied according to rural and urban areas. 10 Third, the present study did not measure perceived access to screening site. Physical activity studies have shown that objective and perceived access to facilities influence behavior differently. 35 Fourth, the present study did not measure transportation modes (e.g. car driving, bicycle or walking, public transportation). The relationships between distances to screening site and screening behavior might differ with transportation modes. Fifth, screening participants might be a biased sample. Because the present study did not make an actual diagnosis of dementia in the screening, it is impossible to compare the prevalence of dementia with other population-based studies. For cognitive function variables, the average MMSE score (26.1) was similar to that of a previous study (25.6) , 36 which used a home-visit survey with all older adults living in one city with an adequate response rate (92.3%). The prevalences of mild (14.1%) and global cognitive impairment (13.8%) were not remarkably different from a previous study (17.4% for mild cognitive impairment, 13.9% for global cognitive impairment). 29 Additionally, no significant associations were observed for the distance to the screening site with MMSE scores and the incidence of such cognitive impairments. However, Harada et al. suggested that subjective cognitive impairments indirectly influence screening participation mediated by motivational factors. 18 Because the present study did not carry out any home-visit survey of non-participants, we could not examine potential influences of objective cognitive function on screening participation. Despite these limitations, the present study contributes to a better understanding of environmental influences on screening behavior.
In conclusion, the present study found that a shorter distance to a screening site predicted participation in screening for cognitive impairments among communitydwelling older adults regardless of their psychological status. According to the present findings, improving access to screening sites (e.g. increasing available screening sites, providing screening in high-density residential areas) would be effective for promoting participation in screening for cognitive impairments among both low and highly motivated older adults. To improve screening site accessibility, we implemented two practices in two other cities (city A, city B). In city A, instead of a central facility, we carried out the screening at local neighborhood community centers. In city B, because local community centers were not available, free courtesy cars were provided. The data from these practices will strengthen our findings. Based on our findings, further examinations of effective environmental intervention strategies to promote participation in screening for cognitive impairment would be expected.
